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’phis second quast;erXy repart describes resesrch canducted under 
C o n M  NAsw-7l3 irr the pesiod Septexiber 3,1963 through Deceniber 17, 
1963. The work on vUch f s  reported is concerned w%h the &“e& of 
pxygen upon gr&h rate, canversion efficiency, and c e l l  camposition. 

work far the next reporting pertod wiU. be indicated. 
Also the effect Of N - lmted m h  WiU be di6CUSS&. Scheduled 
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In cmtinustlon of these e x p e r l a t s  =her investigation8 were 
conducted deaUng with the effect of oxygen concentration upon the rate 
of &BS qptake, efficiency of converslcm aad the relation6hip betveen 
cqygen 8- exla c a  c-ition. 

Tabbe 1 repreeents B series of meBBurtzaente oi the effect of oxygen 
concentration 
with hI&x c#rsrgen eoncen*atima the number (expressed as I!!) of hydrogen 
axidations per mole of carbon iuoxide incorprated I n  nev c e l l  material 
increases. Two conclusion8 caa be drawn from these results. 
Oyersu growth efficiency becomes less at re la t ivdy  high oxygen 
concmkraticms (15 and 2ag;). SeconB, the presence 09 relatively hi& 
wgen concentra~mns h ~ s  a ] ~ r r o ~ o ~ a d  e f fec t  04 thp: specrific rate (% ) 
of ctarbcm dioxide uphike. 
pcrwe~ dplwnd, while the dimhished spaclfic rate would result either in 
an increaaed mlum requirement or in the use of reht ivdy more cop3cen- 
trated cell swpensiom. 

ccanversian efficiency. Results in mble 1 illustrate that 

F i r s t ,  the 

The relatively low efficiency reflects a 
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The same inhibiting effect of oxygen is borneout i n  the results plotted-- 
F i g .  1 A, B. A t  lo$ oxygen, the rate of gas u p w e  per unit volume of 
supermion increases steadily up to a cell concentration reached af'ter 
about 3 hours of growth (Fig. 1 A). A t  2C$ 02 only a sl ight  increase 
occurs, while at 30% Os, the &as Wake i n i t i a l l y  decreases and then 
becoms constant. The specific rates, as plotted in Fig. 1 B, 
a s W i h r  phenomenon; with 3 6  O2 i n  the gas phase a considerable oxygen 
inhibition occurs. The gradallydiminishing specific rate, 8s observed 
with 10% + in the gas phase, I s  due t o  the gas limiting situation 
which developeta 88 a result of the higher oxygen demand. X t  is difficult 
t o  distinguish clearly be%ween decrease i n  specific rate due t o  oxygen 
inhibition and the  decrease due t o  oxygen limitation bu'i: for the  shape 
of the curves and, as discussed later, the composition of the  m a t e r i a l  
formed under these conditions. 

present 

Oas limitation leads, according t o  Schlegel et &(')to the formation 
In  order t o  verify the effect of of fat inclusions in hydrogen bacteria. 

oxygen t p n  the forrQa%ion of fat inclusions, the cells obtained from e x p i -  
ments as describ 

Fig. 2. A s  shown, no fat inclusions are formed i n  c e l l s  cultivated at  
3096 %, whi3.e at l O $  0, a considerable fat formation occurs. These results 
are also bozne out by the electron miCltOgr8ph of Fig. 3, a "lean" dividing 
cell, and of Fig. 4, i n  which the cells show distinct globular inclusions, 
in 8ome shsrgly disth&sable in the cytoplasraatic m a t e r i a l .  

n Fig. 1 were analyzed bye procedure adapted from 
Williamson et al @?3j The results of' these Rnnl_vses me i l luetrated in 

Sn Fig. 5, a time course experiment conducted with le 0, i n  the  
gaseous atmosphere , the  relationship between fat formation (T-incl.)  and 
the  rate of &as uptake (G.U.) is demonstrated. After 2, 5, t o  3 hours, with 
the onset of t he  formation of, - aplsarently synthetically inactive-, f a t t y  
storage mterial, the rate of g a ~  uptake becomes constant and finally declines. 
The 88me '%redsing point" can be observed i n  Fig. 1 B, wi'ch respect t o  the 
specific rate of gas uptake with 10% Q in the gas phase. 

!RE linear increase with time of c e l l  material (T-ceU) indicates that 
the  rate of carbon dioxtde assimila%ion, calculated per unit volume, is not 
affected.. As no cell division is obvious f roan the electron micrographs, one 
would expect that rather c e l l  enlarging than c e l l  division occurs. No precise 
determination of the efficiency involved in the fomtion of this lipoid 
m a t e r i a l  can be made from these experiments. EIYorts t o  determine this 
aswct of -0genOmOnaf3 cultiva%ion are presently un8-. 

Growth of hydrogen bacteria in El - limited nutrient media beads to 
the formation of' c e l l  material with a high ratio of lipoid inclusions. 
Nitrogen stararation strongly decreases however the specific rate and 
also the rate of gas uptake, calculated per u n i t  volume of suspension 
(see !Cable 2). When normal, "lean" cells are resuspended in a nitrogen 
frea medium, the gas uptake decreases t o  about three quarters of the 
s t a r t i n g  value upon which a constant level is maintained. 



a b l e  2 

098 Consumption Under N - Limiting Conditions 
Gaseous Substrate: 
9i?emprature 35%; Llyd;rogenonwnas eutropha 

gok H2; K$ c)2; IO$ CO, 

J -'mi 
Vol (1) 

1.5 

1.4 

1.2 

1 .O 

0 09 

A e e r  3 t o  4 hrs of' N-stamation the rate decreases further. 
efficiency of conversion, however, is only slightly affected aa indicated 
by %he number of hydrogen oxidation (HyOc-fkaction, Table 2). 
therefare, that fa% formation, at least under conditions of !?-starnition, 
c l c c ~ p  at an efficiency l e v d  carparri$le t o  regdsr c e l l  growth an& 
d-%lpllcation. 

me 

X t  seema. 

33.1 F i g .  6, the time course of cell mass increme and the increase i n  
the density of inclusions i s  illustrated. Fat formation is initiated 
inmUediate3.y in the absence of 8 usable nitrogen source, and the charac- - terietics of the curves in Fig .  6 indicate that most of the metabolic 
scti-ty is geared t o  the formtion of lipoid material. 

Electron nicrogram of these '"fat" c e ~ s  ( ~ i g -  7) show that most of the 
C y t O p l a s a I m t i c  mterid is composed of these inclusiow, while very Utth 
nuclear mteriall can be seen. 

I 



Cell "Fattening" in Presence (I) acrid Absence (If) of We8 
Temperature: 35"~; ~ s e o u s  Substrate: 7% &, 1% %, 1% c%; 
RYdrogenomonas eutropha. 

0 hrs I 38 hrs I 

?Fable 3 shows the res-ults of 8 prsliminary audysis of hydrogen bac'ceria 
and Mer conditions which induce ctiLtivsted in the absence of nitrogen (11) 

fat formstion in  the presence of nitrogen (I). The nitrogen content of 
N-shrved cells decreaeed t o  4$, w h i l e  the fat ratio increased t o  0.43. 
Further a n a l y ~ e s  are required to determine the actual. fat content of 
these cfd3.s. ghis work i s  scheduled presently. 

' a  
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A: Uptake of H2 + O2 + C 0 2  per  liter of suspension pe r  hour 
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B: Specific ra te  of uptake expressed in l i t e rs  per  g ram dry 
weight, per  hour 

Fig. 1.  Gas  Uptake by Hydrogenomonas Eutropha, With 10, 20, 
3070 02, 60% H2, and 1070 C 0 2  i n  Gas  Phase (N2 balance) 
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Fig. 3. Elec t ron  Micrograph of H Eutropha i n  Phase  of Cel l  Division 
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Fig. 5. T ime Course Afformation of Cel l  Material  and Fatty Inclusions 
Gas  phase: 8OY0 H2, 1070 02, 1070 C 0 2  
T-cell :  Optical density of the suspension 
T-incl: Ratio of the optical density of the inclusions over the 

optical density of cells 
GU: Gas  uptake pe r  liter suspension per  hour 
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Fig. 6. Time Course of N-LimitedGrowth 
T-cel ls :  Increase in  optical density of the suspension (left 

or dinate) 
T-incl: Increase in  the ra t io  of the optical density of the 

inclusions over the optical density of the cells (right 
o r  dinate ) 
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